Aims/Introduction: Although the epidemiological relationship between hypoglycemia and increased risk of acute coronary syndrome (ACS) has been well established, the time period for increased risk of ACS after a severe hypoglycemic episode remains unknown. The present study aimed to determine the ACS risk after a severe hypoglycemic episode. Materials and Methods: We carried out a retrospective population-based cohort study based on national claims data in Japan. We retrieved data of diabetes patients aged ≥35 years collected from April 2014 to March 2016. The absolute risk of ACS was defined as the occurrence of an emergency percutaneous coronary intervention after a severe hypoglycemic episode. Results: In total, data of 7,909,626 patients were included in the analysis. The absolute risk of ACS was 2.9 out of 1,000 person-years in all patients. ACS risk in patients with severe hypoglycemic episodes was 3.0 out of 1,000 person-years. Severe hypoglycemic episodes increased the absolute risk of ACS in patients aged ≥70 years, but not in patients aged <70 years. The absolute risk of ACS was 10.6 out of 1,000 person-years within 10 days of a severe hypoglycemic episode. There was a significant trend between shorter duration after an episode and higher ACS risk. Conclusions: Severe hypoglycemia was associated with an increased risk of ACS in elderly diabetes patients. ACS risk increased with a shorter period after a severe hypoglycemic episode, suggesting that severe hypoglycemia leads to an increased risk of ACS in diabetes patients. These findings show that it is important to avoid severe hypoglycemia while treating diabetes, particularly in elderly patients.
INTRODUCTION
Studies have shown that severe hypoglycemia is associated with a higher risk of cardiovascular disease 1-6 . Previous randomized controlled trials reported that intensive glucose-lowering therapy increased all-cause mortality and cardiovascular risk in type 2 diabetes patients 3, 7, 8 . Because severe hypoglycemia caused by intensive diabetes therapy might result in increased risk of mortality and cardiovascular episodes, many guidelines for diabetes management have been revised to avoid hypoglycemia, particularly in high-risk patients [9] [10] [11] . However, it remains uncertain whether severe hypoglycemia is a major causal factor for cardiovascular episodes. Although experiencing severe hypoglycemia at any time has been shown to be a significant predictor of all-cause mortality 3 , the time-course (the duration of a severe hypoglycemic episode required for an acute coronary syndrome [ACS] event to occur) for the absolute risk of ACS after a severe hypoglycemic episode remains unknown.
Hypoglycemia has been reported to be the most common adverse event related to the use of diabetes medication 12 . However, because of the low incidence of ACS events after severe hypoglycemic episodes recorded in previous studies, it has been difficult to examine the relationship between the two variables. The National Database of Health Insurance Claims and Specific Health Check-ups of Japan (NDB) is a comprehensive database of health insurance claims covered by the Japanese National Health Insurance system. The NDB is one of the world's largest health-related databases, and contains complete datasets of medical care received by insured inpatients and outpatients. By using the NDB datasets, we retrospectively selected a sample cohort of >100 million individuals with very small selection bias 13 . Using the NDB, we were able to include all patients with ACS who underwent emergency percutaneous coronary intervention (PCI). Absolute risk has important implications in both clinical and public health policy. However, it would be impossible to carry out a randomized controlled trial or prospective cohort study for an in-depth investigation of the role of a specific risk factor in the etiology of a disease, because such a study would be too large and expensive. The NDB has an extremely large study population that enabled us to observe a sufficient number of individuals with relatively rare conditions, such as ACS after a severe hypoglycemic episode. The present study aimed to calculate the risk of ACS with respect to time of occurrence after a severe hypoglycemic episode.
METHODS

Design
The present study was a population-based, retrospective cohort study carried out using the NDB dataset. This study was approved by the ethics committee of Nara Medical University (1123-2).
The study cohort comprised individuals enrolled in the NDB; all patient data were anonymized. Japan has a universal health coverage system, and the NDB includes all patients with any type of insurance program. The health data of approximately 2 million citizens on welfare are not recorded in the NDB, because they are not covered by any insurance program. In addition, foreigners who stay for <3 months in Japan are not included, because they are a heterogenic group that might confound the results of the present longitudinal study, and because they are not covered by medical insurance. The NDB data provided information on personal identifier (ID0 variable 13 ), date, age group, sex, description of the procedures carried out, World Health Organization International Classification of Diseases (ICD-10) diagnosis codes, medical care received, medical examinations carried out that did not contain results and prescribed drugs, which were independent of the doctor's or patient's reports. Drug information included prescription amount, brand name, generic name, dosage and number of days prescribed.
We designed this cohort study such that data of diabetes patients aged ≥35 years collected between April 2014 and March 2016 were included in the analysis.
Diabetes patient definition
We defined diabetes patients as those who had any of the diagnosis codes associated with diabetes and as those who were prescribed diabetes medication at least once. The diagnosis and medicine codes are shown in Tables S1 and S2. We included all patients with any type of diabetes who fulfilled the aforementioned criteria. Some diagnosis codes from the NDB do not provide information about the types of diabetes. Accordingly, we could not recognize the type of diabetes in each case according to the diagnosis codes alone. In Japan, patients with type 1 diabetes can be distinguished from those without type 1 diabetes by using medical practice codes regarding self-monitoring of blood glucose, which is based on a diagnosis determined by physicians. In the present study, type 1 diabetes patients were defined as those diagnosed with diabetes who also had medical practice codes about self-monitoring of blood glucose of 114009910, 114010010, 114010110, 114010210, 114015510 and 114015610.
Definition of severe hypoglycemic episodes
Severe hypoglycemia is an episode in which a patient requires the assistance of another person to actively administer carbohydrates or glucagon or take other corrective actions 10 . According to the Japanese guidelines, patients brought to the hospital should be quickly treated by intravenous administration of 50% glucose 9 . It has been reported that most patients with severe hypoglycemic episodes are administered 50% glucose in the hospital 14 . Determining the date of hypoglycemia based only on the diagnosis codes might be inaccurate, because the onset time of hypoglycemia could differ by several days from the time patients are diagnosed accurately, as the diagnosis codes can be inputted immediately or after several days or weeks. Thus, to accurately elucidate the effect of treatment after a severe hypoglycemic episode, the day patients experienced hypoglycemia should be identified accurately. Therefore, in the present study, we defined patients with severe hypoglycemic episodes as those who had diagnosis codes of hypoglycemia (i.e., diagnosis codes were 2510003, 2512004, 8845065, 8845094, 8838076, 8830649, 8837872 and 8837871; ICD-10 codes were E15, E100, E110, E140, E160, E161 and E162) and were prescribed intravenous injections of 50% glucose (medicine codes were 620006649, 620002599, 640460006 and 643230048) on the same day.
Primary outcome
The primary outcome was the first occurrence of ACS requiring emergency PCI, including acute myocardial infarction and unstable angina pectoris. We defined emergency PCI for ACS as use of the following five medical procedure codes: 150375210, 150375310, 150374910, 150375010 and 160107550 (K546, K549 and K550, which are Japanese original codes). Because the end-point occurred only once, assumptions of statistical independence were not violated.
Prior use of drugs and prior diagnosis definition
We considered patients at risk of ACS who had been prescribed drugs as patients with prior use of drugs. The disease codes of the NDB have a major drawback in that they cannot distinguish between the codes given before the diagnosis and the codes given after the diagnosis. There are two possibilities for patients with disease name codes. One was actually diagnosed and the other was not actually diagnosed. To exclude the latter, we defined patients with prior diagnosis as the patients who already had the diagnosis code at the risk period and those who had the codes for more than 1 month.
Statistical analysis
We regarded diabetes patients as a population at risk of ACS from the first insurance use to the first occurrence of ACS or until the last insurance use during the study period. For patients who did not experience a severe hypoglycemic episode, person-time was calculated from the date of the first visit in the follow-up period until the first occurrence of ACS or until the last visit in the follow-up period. For patients with a severe hypoglycemic episode who were at risk for ACS, person-time was calculated from the date of the first hypoglycemic event until the first occurrence of ACS, the second hypoglycemic event or the last follow-up visit. We calculated the absolute risk of ACS in all diabetes patients and those who did or did not experience a severe hypoglycemic episode. The absolute risks of ACS were calculated according to sex and median age (<70 or ≥70 years). We also calculated the absolute risk of ACS within each day category (1-10 days, 11-90 days, 91-365 days) after a severe hypoglycemic episode. In patients who had multiple hypoglycemic episodes, the person-time was calculated between the first and second episodes. Patients who experienced ACS and a severe hypoglycemic episode on the same day were excluded from the analysis. We used the standardized difference to measure covariate balance, whereby an absolute standardized difference >10% represented meaningful imbalance 15, 16 . To further elucidate the increased risk of ACS among patients with a history of hypoglycemic episodes, a multiple regression analysis (Cox proportional hazards model) was carried out, as in previous studies. The variables for adjustment included the age group; sex; type 1 diabetes status; prior use of sulfonylureas, meglitinides, a-glucosidase inhibitors, biguanides, thiazolidines, dipeptidyl peptidase-4 inhibitors, sodium-glucose cotransporter 2 inhibitors, insulin, glucagon-like peptide-1 receptor agonists, antihypertensive drugs, lipid-lowering drugs, antiplatelet drugs and anticoagulants; and a prior diagnosis of ACS. A P-value <0.05 was considered statistically significant. All statistical analyses were carried out with Microsoft SQL Server 2016 Standard â (Microsoft Corp., Redmond, WA, USA) and IBM SPSS for Windows, version 25.0 (IBM, Armonk, NY, USA).
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RESULTS
Patient characteristics in the current analysis Of the 125,779,650 patients (62,407,909,454 person-days) enrolled in the NDB, we identified 8,039,335 patients with diabetes and included 7,909,626 aged ≥35 years in the present study (Figure 1 ). Within the 2-year period, 48,118 at-risk patients experienced a severe hypoglycemic episode. Table 1 shows the characteristics of patients with and without a severe hypoglycemic episode. The former group tended to be older than the latter group. Furthermore, patients who experienced severe hypoglycemic episodes were more likely to receive insulin therapy than those who did not experience severe hypoglycemic episodes (79 vs 28%). Antiplatelet drugs and anticoagulants were prescribed at high rates to patients who experienced severe hypoglycemic episodes.
Absolute risk of ACS among diabetes patients in Japan
The absolute risk of ACS was 2.9 out of 1,000 person-years (37,486 cases/5,087,611,521 person-days) for all diabetes patients aged ≥35 years in Japan. Patients with and without type 1 diabetes had ACS risks of 2.1 out of 1,000 and 3.0 out of 1,000 person-years, respectively. The absolute ACS risk values in patients who did and did not experience severe hypoglycemic episodes were 3.0 out of 1,000 (104 cases/ 12,812,308 person-days) and 2.7 out of 1,000 person-years (37,382 cases/5,074,799,213 person-days), respectively ( Table 2) . The adjusted regression analysis showed that patients with severe hypoglycemia had a higher absolute risk of ACS than those without hypoglycemia, consistent with previous studies (Table 3 ). Figure 2 presents the absolute risk of ACS in patients with diabetes according to sex and age. Although women had a lower risk of ACS than men, a severe hypoglycemic episode increased the absolute risk among women. In terms of age, a severe hypoglycemic episode increased the absolute risk of ACS in patients aged ≥70 years. However, patients aged <70 years with and without severe hypoglycemic episodes had a similar risk of developing ACS (2.4 and 2.3/1,000 person-years, respectively). risk of ACS was 10.6 out of 1,000 person-years within 10 days of a severe hypoglycemic episode, and a shorter period after a severe hypoglycemic episode correlated with a higher absolute risk of ACS. The absolute risk of ACS within 10 days of a severe hypoglycemic episode was higher than the absolute risk >11 days after a severe episode (Figure 3 ).
ACS risk after severe hypoglycemic episodes
DISCUSSION
The universal health insurance coverage system in Japan ensures that all residents can receive lower-cost medical treatment. Using the Japanese NDB dataset, we carried out cohort studies involving most Japanese citizens who faced fewer economic restrictions on medical care. This is the first report on the absolute risks of ACS in all patients with diabetes in Japan from April 2014 to March 2016. Previous reports have shown a lower risk of coronary artery diseases in the Japanese population than in Western populations [17] [18] [19] . A cohort study of the Japanese general population (5,498 participants; mean age 55.8 years in men and 54.2 years in women) showed that the incidence of acute myocardial infarction was 2.7 out of 1,000 person-years in men and 1.1 out of 1,000 person-years in women 17 . In this cohort study, just 6.4% of patients had diabetes at baseline. Diabetes is well known to increase the risk of ACS 18 . A study of Japanese patients with diabetes and no history of coronary artery disease (2,539 participants; mean age 65 years) reported an ACS incidence of 4.5 out of 1,000 person-years 20 . In contrast, the present findings appear to underestimate the risk of ACS. Patients with ACS who did not receive emergency PCI were not included in the present study, and therefore the outcome was determined using several medical procedure codes (emergency PCI for ACS). However, a Japanese registry recently reported that 85.1% of patients with ACS received emergency PCI, although just 2.0% underwent emergency coronary artery bypass grafting 21 . Thus, we could evaluate most cases of ACS in Japan by evaluating the medical procedure codes corresponding to emergency PCI for ACS in the NDB. Many Japanese medical institutions can carry out emergency PCI. However, regional disparities mean that the risk of ACS among residents in regions with poor medical resources might be underestimated.
The incidence of severe hypoglycemic episodes has increased 22 , and recent reports have highlighted the potential importance of related adverse effects 2, 23, 24 . Particularly, several studies have shown a relationship between hypoglycemic episodes and an increased risk of cardiovascular adverse events in patients with both type 1 and type 2 diabetes 8, 25, 26 . The causal relationship between severe hypoglycemia and cardiovascular events can be We defined diabetes patients as patients who were given the diagnosis codes denoting "diabetes mellitus" at least once and who were prescribed medicine for diabetes. (b) We defined patients with severe hypoglycemic episodes as patients who were given the diagnosis code of hypoglycemia and who were prescribed 50% glucose injections. (c) We defined patients without severe hypoglycemic episodes as patients who were not given the diagnosis codes of hypoglycemia and who were not prescribed 50% glucose injections.
explained by an increase in thrombotic tendency associated with abnormal cardiac repolarization, inflammation and atherosclerosis development [27] [28] [29] [30] [31] . The present study showed a high risk of ACS among patients who experienced severe hypoglycemic episodes (Tables 2, 3) . Notably, the risk of ACS was higher immediately after a severe hypoglycemic episode (Figure 3 ), and this was confirmed by an adjusted regression analysis. These findings suggest that a severe hypoglycemic episode affects the onset of ACS during the subsequent 10-day period. The risk of ACS increases with aging 17, 32 . In our cohort, the absolute risk of ACS was higher in patients aged ≥70 years than in those aged <70 years, and a severe hypoglycemic episode was associated with a higher risk of ACS in the older patient group (Figure 2) . The results highlight the importance of avoiding a hypoglycemic episode in elderly patients. Accordingly, many guidelines recommend a less stringent goal for glycemic control in elderly patients with diabetes, who face a higher risk of hypoglycemia 9, 33, 34 . For example, the Japanese guideline stipulates the individual determination of the hemoglobin A1c target based on age, activities of daily living and cognitive function. Furthermore, the use of common drug treatments for diabetes, including insulin and sulfonylureas, is not recommended 9 , as these drugs are the most common cause of hypoglycemia 12 . Accordingly, most cardiovascular risks related to severe hypoglycemia might be preventable by changing the diabetes treatment. Furthermore, diabetes should be managed adequately in elderly patients to avoid severe hypoglycemia and thus prevent adverse cardiovascular events.
The present study had several limitations. First, we defined diabetes patients in the NDB as those with any diagnosis code corresponding to diabetes and who had been prescribed medication for diabetes. The National Health and Nutrition Survey in Japan reported that 7.7 million patients aged ≥20 years are receiving treatment for diabetes 35 . The number of diabetes patients in the present study (7, 909, 626) was very similar to the number in a previous survey. We did not include patients with diabetes who were treated using dietary and exercise therapy alone. Our patient selection procedure was appropriate, because severe hypoglycemic episodes are thought to occur in relation to medication use. Second, the NDB did not include any laboratory data, such as plasma glucose levels, and therefore we could not confirm these levels at the time of a severe hypoglycemic episode. Alternatively, we defined a severe hypoglycemic episode as the presence of diagnosis codes for hypoglycemia and intravenous administration of 50% glucose. Still, this alternative definition might underestimate the occurrence of severe hypoglycemic episodes. A retrospective cohort study in the USA reported annual severe hypoglycemia incidence proportions of 0.33 and 0.31% in 2014 and 2015, respectively 22 . A previous study also estimated that approximately 20,000 patients were transported annually to the emergency room for severe hypoglycemia in Japan 36 . According to our data, 24,509 patients experienced severe hypoglycemic episodes annually (annual incidence proportion 0.30%), which was consistent with the results of previous studies 22, 36 . Third, we could not review the detailed medical records of each patient, including bodyweight, smoking history and family history. Although patients with and without severe hypoglycemic episodes were thought to show different characteristics, we could not evaluate these differences. Antiplatelet drugs and anticoagulants were commonly prescribed to patients with severe hypoglycemic episodes, suggesting that these patients might face a high risk of atherosclerotic diseases. The present findings imply that severe hypoglycemia should be avoided, particularly in patients with comorbid atherosclerotic cardiovascular disease. Finally, we defined ACS according to the medical procedure codes for emergency PCI for ACS in the NDB. Therefore, we could not evaluate patients with ACS who did not receive emergency PCI, including those for whom a significant amount of time had passed since the onset of ACS, those with a poor general health condition or decrease in activities of daily living, or those who experienced a silent, asymptomatic myocardial infarction. We also could not evaluate patients who underwent coronary artery bypass grafting. Although most ACS patients in Japan underwent emergency PCI 21 , the incidence of ACS was underestimated in the present study.
In conclusion, the present study results suggest that severe hypoglycemia increases the risk of ACS in patients with diabetes, particularly within the first 10 days after a severe hypoglycemic episode. Further studies are required to set this time interval. The ACS risk was increased in elderly diabetes patients with severe hypoglycemic episodes. These findings highlight that it is important to avoid severe hypoglycemia while treating diabetes, particularly in elderly patients. 
